Traditional Chinese herbal formulae Liu wei di huang (LW) (six-ingredient pill with Rehmannia) and Jin gui shen qi wan (JG) (kidney Qi pill from the golden cabinet) were analysed for Ca, Fe, Mg, Mn, Na, K and Zn at different decoction intervals by atomic absorption spectroscopy. LW and JG were used to improve the kidney function. JG was higher in all elements than LW. K (1691.29 -2372.71 mg l -1 ) was highest in both formulae LW and JG followed by Ca (245.31 -562.91 mg l -1 ). Ca, Fe, Mg, Mn and K were highest at 40 min for LW and Fe, Mn, Na and K were highest at 40 min for JG. Chemometrics such as principal component analysis, hierarchical cluster analysis and linear discriminate analysis were applied to classify the data and to understand the relation between the elements. Metal intake related to the consumption of decoction has also been studied. Mn made the highest contribution to average daily dietary intakes from the formulae.
Introduction
Traditional Chinese medicine (TCM) is one of the oldest healing systems. Clinical diagnosis and Chinese herbology are very important components of TCM. Chinese herbal medicine not only includes plants, but also includes medicinal uses of animals. Most of the principles of TCM were derived from the philosophical basis that contributed to the development of Taoism, and Confucianism (Chen and Xu, 2003, Kaptchuk, 2000) . Ancient Chinese scholars noted that all natural phenomena could be categorised into Yin and Yang (two opposite, complementary, interdependent, and exchangeable aspects of nature), everything in the universe consisted of five basic elements (wood, fire, earth, metal, and water), and the universe was constantly changing towards dynamic balance or harmony. Such knowledge was applied to understand, prevent, and cure disease. In TCM, the five Yin (solid) organs are Lungs, Heart, Spleen, Liver and Kidneys and six Yang (hollow) organs are small intestine, large intestine, gall bladder, stomach and San Jiao (called as triple warmer or triple heater). Yin refers largely to the material aspects of the organism and Yang to functions. Disease occurs after a disturbance in YinYang or disharmony in the organs caused by pathogenic (example: anger, joy, sadness, fear) and climatic factors (wind, cold, damp, heat). Treatment aims to expel or suppress the cause and restore balance (Fan, 1996) .
The development of herbal formulae has been an empirical process in which the properties of herbs and the effects of combining them have been observed and recorded over many centuries. The resulting classic formulae comprise the basis of treatment in Chinese herbal medicine. The herbs are classified as Yin or Yang and are selected to balance the Yin or Yang of the patient's illness. The qualities of the four energies in the herbs -hot, warm, cold, and cool -are also used to balance the qualities shown in the illness (Yin, 1992) . Additionally, the herbs are chosen for their appropriate flavours, with the five flavours -hot, sweet, sour, bitter, and saltymatching the five elements -metal, earth, wood, fire, and water -and treating the related organ. The special affinity of a herb and its drying or moistening nature also affect the selection. The simplest way of using the herbs is to make a decoction. This is done by boiling the herbs in a given amount of water to extract their substance (Williams, 1996) .
TCM views kidneys as centre of body's Yin or Yang or 'the origin of life' where nutrients are stored and physiological functions takes place. Kidney Yin is the foundation of the Yin fluid (blood, Qi). Kidney Yin moistens and nourishes the organs and tissues of the whole body. Kidney Yang is the foundation of the Yang Qi and is crucial for normal bladder function. Kidney Yang warms and promotes the functions of the organs and tissues. One of the major functions of kidney's Yin -Qi, which is the vital energy of the body, is to promote the transformation of blood. Ancient TCM classics mention that "Kidney Qi excerpts into the bones and transforms into marrow". The liver also plays an important role in the process of transforming Qi into blood because it stores the excess blood that is produced from the marrow. When either the kidneys or liver are not functioning properly, the production of blood will be affected and individuals can acquire a blood-deficiency syndrome (Li and Frierman, 2006 Nookabkaew et al., 2006) . Despite the relatively small weight proportion of these plant products in the diet, their regular consumption can make a significant contribution to the daily recommended intake (Szentmihályi et al., 2006) . It has to be taken into account that only part of the trace elements present in the herbal product is leached into the infusions. Enhanced intake of minerals like Ca, K, Na and P can be useful in patients with chronic renal failure. Mineral concentrations in herbs used for renal and urinary tract disorders in India have been reported to be higher than in nonmedicinal plants (Rajurkar & Damame, 1998) . The knowledge of the effects and concentrations of bioactive elements in foods and herbs could guide the selection of Chinese herbs in clinical practice in association with TCM theories (Xu and Xu, 2009) .
In this study, we have analysed and compared two TCM formulae used to improve the kidney function: Liu wei di huang wan (LW) -formula that nourish and tonify the Yin and Jin gui shen qi wan (JG) -formula that warm and tonify the Yang. LW is known as six-ingredient pill with Rehmannia -formula that nourish and tonify the kidney Yin and used in treating disorders such as dizziness, tinnitus, diabetes, autoimmune diseases, urinary tract infection and sexual inadequacy, etc (Nie and Zhang, 1998, Yang et al., 2006) . JG is known as kidney Qi pill from the golden cabinet -formula that warm and tonify the kidney Yang, and that it supports its function of transforming water in particular and used in treating disorders such as interstitial nephritis, arthritis, chronic bronchitis, etc (Bensky and Barolet, 1990 ). The formulae were analysed for calcium, iron, magnesium, manganese, potassium, sodium and zinc at different decoction intervals by atomic absorption spectroscopy (AAS).
Materials and methods

Solutions and reagents
Standard stock solutions of Ca, Fe, Mg, Mn, Na, K and Zn at a concentration of 1 gL -1 were obtained from Merck, Australia, and working solutions were prepared by dilution of stock solutions in 5% (v/v) HNO 3 (Trace SELECT, 69%) from Sigma-Aldrich, Australia. Ionization in AAS was controlled by adding a 5ml (1 g/l CsCl + 10 g/l La, Merck) buffer solution to all samples and standards and made up to final volume of 100 ml. Deionized water with a specific sensitivity of 18 MΩ obtained from Millipore-Milli-Q water purifier system (Milford, USA). All chemicals and reagents were of analytical grade. 
Sample preparation procedure
The metal content was analysed in two TCM formulae: LW and JG. The herbs involved in the formulae, the amount of each herb used and part of the plant used that were generally prescribed by herbalist are listed in Table 1 . The method of preparation of decoction was done according to the Chinese standard procedure. The process of decoction combines the elements of various herbs involved as a means of treating a particular ailment. All the herbs involved in each formula were broken down into small pieces, weighed (Table 1 ) and kept in a glass beaker with a lid and 200 ml of water was added and allowed to soak for 20 min. Twelve samples were prepared in the same way and performed in triplicates for each formula over the different time intervals (5 to 60 min). The mixture was first heated to boiling and kept lightly boiling at different time intervals (5, 10, 15, 20, 25, 30, 35, 40 , 45, 50, 55 and 60 min). The decoction was allowed to cool to room temperature and then filtered with an ashless filter paper and transferred into 100 ml volumetric flask.
Instrumentation
The determination of Ca, Fe, Mg, Mn, Na, K and Zn was done on a Varian spectroAA-400 atomic absorption spectrophotometer (Varian Inc., Mulgrave, Australia) under optimized measurement conditions using hollow cathode lamps. The operating conditions for working concentrations of elements were set as recommended by the manufacturer, given in Table 2 .
Data analysis
The statistical data analysis was made using the SPSS for windows PASW SPSS 18 (Release 18. 
Results and Discussion
Metal content in formulae
According to the Chinese standard procedure of making decoctions, most formulas are cooked for 20-30 min. The formulas that contain rich, cloying substances should be cooked for 45-60 min. The metal contents of the two formulae LW and JG at different decoction times with 5 min interval from 5-60 min were plotted in Figure  1 . The content of essential elements in plants is conditional, the content being influenced by the geochemical characteristics of the soil and by the ability of plants to selectively accumulate some of these elements (Miroslawski et [17] b In parenthesis, % of ADDI from a cup (100ml) of formulae Correlation is a measure of association between two variables. The correlation matrix of the elements was presented in Table 3 . It can be seen that good correlation exists between all the elements. In order to assimilate the elemental patterns that are meaningful, PCA was performed. The principal components (PC) with Eigen values greater than one were extracted and subjected to Varimax rotation. The results after Varimax rotation: first and second factor were presented in Fig 2. The percentages of variances after the Varimax rotation for the first two components were 64.4% and 21.6% respectively . Fig 2 (A) shows the bigger loadings for PC1: Ca, Fe, Mg, Mn, Na and K and PC2: Ca and Zn. The scores of the two principal components for each formula at different decoction times were shown in Fig 2 (B) . From the scores of the PC1, it could be interpreted that Ca, Fe, Mg, Mn, Na and K were high in formula JG in the following order: 40, 45, 25, 60, 55 and 30 min. The PC2 score showed that Ca and Zn were high in formula JG in the following order: 25, 20, and 35 min followed by formula LW at 10 min. When the loadings and scores in Fig. 2 (A) and (B) were interpreted, Ca and Fe were highest in formula JG at 25 min and 40 min respectively. Zn was highest in formula LW at 10 min. HCA was applied to the systematized elemental concentrations and a pictorial description of formulae LW and JG was obtained using Ward's method as an amalgamation rule and the squared Euclidean distance as a measure of the closeness between samples (Fig. 3) . The resulting dendrogram gave five concise clusters. The first cluster involved formula LW at 10, 15, 25, 30, 35, 45, 50 and 55 min, as the amount of Ca, Fe, Mg, Mn, Na and K were low in formula LW when compared to JG. The second cluster involved LW at 5, 20 and 40 min and JG at 5, 10 and 50 min as all elements except Zn in LW and except Fe in JG followed the same pattern at those given intervals. In addition, Ca, Fe, Mg, Mn and K were highest at 40 min in LW. For JG, comparing the metals at 5 and 10 min, Ca, Mg, Mn, Na, K and Zn were higher at 5 min than at 10 min. The metals leached more at 5 min than at 10 min for the formula JG. The third cluster involved JG at 25 and 40 min. This is because in JG, Ca, Mg and Zn were highest at 25 min and Fe, Mn, Na and K were highest at 40 min. Fourth cluster involved JG at 30, 35, 45, 55 and 60 min because all the elements except Zn were higher in JG compared to LW. Fifth cluster involved JG at 15 and 20 min as it followed the same pattern of rise in all elements from 15 to 20 min.
The variation of the metal contents with different decoction times is due to the combination of various herbs in the formula. The herbs in combination contributed to the synergistic effect that varies the percolation of the metals with time. Özcan analysed the mineral contents of Turkish herbal tea at different infusion periods (3, 5, 7, 9 and 11 min) . He showed that the mineral contents at different time intervals are not consistent and varied widely depending on the infusion periods (Özcan, 2005) . Considering the nutritional properties, he proposed the first period of infusion may be taken as the optimum time for the Turkish herbal tea. One of the primary advantages of decoction is that it is rapidly absorbed by the body; its effects are strong and immediately perceived by the patient. It is not, however, without drawbacks: decoctions are relatively expensive, time consuming and also difficult to prepare. The elemental concentration of the herbal formulas LW and JG at different time intervals obtained in this study provides scientific evidence. This study can further assist Chinese health practitioners to determine the effectiveness of percolation of these metals with time that aids in the prescription of these decoctions to improve kidney function.
Fisher's LDA analysis was performed using the leave-one-out method for model establishment and prediction. The discriminate function revealed a significant association between the formulae and predictors, accounting for 69.05% of between group variability. The cross validated function showed that overall 91.7% of original grouped cases correctly classified. 
Metal intake from decoction of LW and JG
The two TCM formulae were examined for the contribution of each element on the average daily dietary intake (ADDIs). Table 4 shows the results of the element concentration by cup (mg/100 ml formula). The percentage contribution of elements to ADDIs was shown in brackets (Table 4) . It can be noticed that high contribution to ADDIs in the case of manganese is in agreement with the literature (Fernandez et al., 2002) . The next highest contribution to ADDIs was Fe followed by K in both the formulas LW and JG respectively. In chronic renal disease there is a decrease of manganese and iron levels in the kidney (Bogden & Klevay, 2000) . Manganese deficiency can have impact on major physiological processes. Excessive sweating and chronic liver disorders are also causes of manganese deficiency. In TCM's view, as the formula LW and JG are used to treat kidney and liver Yin deficiency (blood-deficiency) and kidney Yang deficiency (urinary difficulty), it can be considered from the elemental concentration approach that the highest contribution of ADDIs of the formulae to Mn and Fe might be one of the reasons for using these formulae to improve kidney function.
Conclusions
The concentration of mineral elements in TCM formulae LW and JG were determined at different decoction times by AAS. Formula JG contains higher amount of Ca, Fe, Mg, Mn, Na, K and Zn than formula LW. Information of element content in the decoctions of TCM is important to assess their beneficial effects for human health. The data was subjected to chemometrics in order to highlight the possible correlations between the elements and to recognize the patterns with the purpose of identifying the possible influences of soil and climate. Good correlation exists between the analysed elements. PCA showed that Ca and Fe were highest in JG at 25 min and 40 min respectively and Zn was highest in LW at 10 min. HCA gave significant clusters that highlights 25 min and 40 min for JG as Ca, Mg and Zn were highest at 25 min and Fe, Mn, Na and K were highest at 40 min. Fisher's LDA analyses gave that 91.7% of original grouped cases correctly classified. The percentage contribution of metals from the decoction of LW and JG gave that Mn had highest contribution to ADDIs.
